Background and Purpose-Both hypertension and diabetes are strong predictors of stroke, but very few studies have assessed their joint effect on stroke risk. We evaluated prospectively the joint association of history of hypertension and type 2 diabetes on the incidence of stroke and stroke mortality. Methods-We prospectively followed 49 582 Finnish subjects aged 25 to 74 years without a history of stroke and coronary heart disease at baseline. Hazards ratios (HRs) for stroke risk were estimated by the hypertension and diabetes status. Results-During a mean follow-up of 19.1 years, 2978 incident stroke events were recorded, of which 924 were fatal. Age-, sex-, and study year- 
T he epidemiological studies have indicated that hypertension and type 2 diabetes are commonly associated conditions, and their concordance is increased in populations. Hypertension affects up to 40% or more of diabetic patients. [1] [2] [3] In the general population, high blood pressure is one the most important risk factors for stroke. 2,4 -6 However, the independent effect of type 2 diabetes or hyperglycemia on stroke risk has been found inconsistent; some [7] [8] [9] [10] [11] [12] [13] [14] but not all studies [15] [16] [17] have identified type 2 diabetes or hyperglycemia as an independent risk factor for stroke. Several studies have demonstrated that high blood pressure is an independent risk factor for stroke in diabetic patients. 8, 18, 19 Although there are few studies 12, 14 concerning the joint prognostic effect of hypertension and type 2 diabetes on stroke risk in the general population, it is not well known whether the increasing risk of stroke comes from the effect of hypertension or type 2 diabetes alone or from the combined effect of both hypertension and type 2 diabetes. The aim of this study is to evaluate the joint effects of hypertension of different stages and the history of type 2 diabetes on the incidence of stroke and stroke mortality.
Methods

Subjects
Between 1972 and 1997, every 5 years, 6 independent population surveys were carried out in 5 geographic areas of Finland among the population aged 25 to 64 years. The age group of 65 to 74 years was also included in 1997. The sampling methods have been previously described in detail. 20 The total sample size of the 6 surveys was 53 166. The participation rate varied by year from 74% to 88%. 20 After excluding 2063 subjects with a history of coronary heart disease or stroke at baseline, 105 subjects with type 1 diabetes and 1416 subjects with incomplete data on any required variables, the present analyses are composed of 23 748 men and 25 834 women. The surveys were conducted according to the ethical rules of the National Public Health Institute, and the investigations were carried out in accordance with the Declaration of Helsinki.
Baseline Measurements
A self-administered questionnaire was mailed to the participants in advance. The questionnaire included questions on smoking habits, alcohol consumption, socioeconomic factors, physical activity, and medical history. Physical activity included occupational, commuting, and leisure-time physical activity and were merged and regrouped into the following 3 categories: low, moderate, and high. 21 Measurements of height, weight, systolic blood pressure (SBP), diastolic blood pressure (DBP), and serum total cholesterol at the baseline examination were carried out using a standardized protocol. 20 
Assessment of Hypertension and Diabetes at Baseline
The assessment of the diabetes status at baseline was based on self-reporting and on the data from 2 nationwide registers, the National Hospital Discharge Register since 1968 and the National Social Insurance Institution Register since 1964. Antidiabetic drugs prescribed by a physician are free of charge in Finland subject to approval of the case history prepared by the treating physicians. The physician confirms the diagnosis of diabetes applying the World Health Organization criteria. 22 All of the patients receiving free-ofcharge medication (either oral antidiabetic agents or insulin) are entered into a register maintained by the Social Insurance Institution. Subjects who reported having diabetes on the questionnaire or had diabetes included among hospital discharge diagnoses or had the approval for free-of-charge medication for diabetes before the baseline survey were classified as having diabetes.
Data on the initiation of antihypertensive drug treatment were also received form the records of the Social Insurance Institution nationwide register on persons entitled to special reimbursement for antihypertensive drugs since 1964. Hypertension stage I was defined as blood pressure 140 to 159 and/or 90 to 94 mm Hg and without any antihypertensive drugs treatment at baseline. Hypertension stage II was defined as blood pressure Ն160/95 mm Hg or use of antihypertensive medicine based on the questionnaire or on the approval of special reimbursement for antihypertensive drugs before the baseline survey. The normotensive reference group was defined as blood pressure Ͻ140/90 mm Hg and without any antihypertensive drug treatment at baseline.
Prospective Follow-Up
The study cohorts were followed until the end of 2003 through computerized register linkage by identification numbers. Mortality data were obtained from Statistics Finland, and data on no-fatal events were obtained from the National Hospital Discharge Register. The Eighth, Ninth, and Tenth Revisions of the International Classification of Diseases (ICD) were used to identify subarachnoid (430 and I60) and intracerebral hemorrhage (431 and I61-I62), intracerebral infarction (432 to 438 and I63-I66), and any stroke (430 to 438 and I60-I66) events. International Classification of Diseases-9 code 432 was classified as an intracerebral hemorrhage. In the data analyses, we combined all of the hemorrhagic strokes, because the number of cases with subarachnoid hemorrhage was small. The stroke events that occurred before the baseline survey were identified from the Hospital Discharge Register and excluded from the analyses. The validity of the diagnosis of acute stroke in Finland is good for hospital discharge register (agreement in 90%) and death register (agreement in 97%). 23 End points during follow-up were incident stroke events, defined as either the first nonfatal stroke event or stroke death without a preceding nonfatal event.
Statistical Analyses
Statistical package SPSS for Windows, version 12.0 (SPSS Inc), was used for statistical analysis. The Cox proportional hazards model was used to estimate the hazard ratios (HRs) of stroke incidence and stroke mortality among participants in 6 groups: subjects with neither hypertension nor type 2 diabetes, with hypertension I only, hypertension II only, type 2 diabetes only, both hypertension I and type 2 diabetes, and subjects with both hypertension II and type 2 diabetes. In addition, the association of blood pressure (as a continuous variable) with the risk of stroke was analyzed stratifying by the diabetes status. Because there was no heterogeneity in the results between sexes, data on men and women were analyzed combined.
The analyses were first carried out adjusting for age, sex, and study year, and additionally for education (tertiles), body mass index (BMI), total cholesterol, smoking (never, past, and current), alcohol consumption (yes/no), and physical activity. A 2 log-likelihood ratio test was carried out to test the significance of the interaction terms of hypertension and diabetes on stroke risk.
Results
General characteristics of the study population at baseline are presented in Table 1 . During a mean follow-up of 19.1 years, we identified 2978 cerebrovascular events (618 hemorrhage and 2360 ischemic), of which 924 were fatal.
When blood pressure was used as a continuous variable, age-, sex-, and study year-adjusted HRs for stroke incidence and stroke mortality were 1.13 (95% CI, 1.11 to 1.15) and 1.20 (95% CI, 1.17 to 1.24) for a 10 mm Hg increment in SBP and 1.24 (95% CI, 1.20 to 1.28) and 1.39 (95% CI, 1.32 to 1.46) for a 10 mm Hg increment in DBP, respectively ( Table  2) . Additional adjustments for BMI, serum total cholesterol, education, smoking, alcohol drinking, and physical activity did not appreciably change the results. The association of blood pressure and the risk of stroke was similar in diabetic and nondiabetic subjects.
Compared with the participants without hypertension or diabetes, the age, sex, and study year adjusted HRs associated with hypertension I only, with hypertension II only, with diabetes only, with both hypertension I and diabetes, and with both hypertension II and diabetes were 1.35 (95% CI, 1.21 to 1.51), 1.98 (95% CI, 1.79 to 2.19), 2.54 (95% CI, 1.61 to 4.01), 3.51 (95% CI, 2.40 to 5.14), and 4.50 (95% CI, 3.60 to 5.61) for stroke incidence, and 1.47 (95% CI, 1.17 to 1.84), 2.62 (95% CI, 2.14 to 3.21), 3.06 (95% CI, 1.25 to 7.49), 5.59 (95% CI, 3.08 to 10.1), and 9.27 (95% CI, 6.58 to 13.1) for stroke mortality, respectively (Table 3) . Additional adjustments for other risk factors did not appreciably change these risk estimates. The interaction terms of hypertension and diabetes on both stroke incidence and stroke mortality were not statistically significant, indicating that these 2 factors operated independently for the stroke risk.
Age-, sex-, and study year-adjusted HRs for the incidence of ischemic stroke were 1.13 (95% CI, 1.11 to 1.15) for a 10 mm Hg increment in SBP and 1.22 (95% CI, 1.18 to 1.27) for a 10 mm Hg increment in DBP. The corresponding HRs for the incidence of hemorrhagic stroke were 1.17 (95% CI, 1.12 to 1.21) and 1.31 (95% CI, 1.23 to 1.40), respectively. Diabetic subjects had a 2.8 times higher risk for the incidence of ischemic stroke (95% CI, 2.35 to 3.37), but the increase in the risk of hemorrhagic stroke in diabetic subjects did not differ significantly from that in nondiabetic subjects (HR 1.17; 95% CI, 0.68 to 2.04). Compared with the participants without either hypertension or diabetes, the age-, sex-, and study year-adjusted HRs associated with hypertension I only, with hypertension II only, with diabetes only, with both hypertension I and diabetes, and with both hypertension II and diabetes were 1.29 (95% CI, 1.13 to 1. 
Discussion
This study indicated that both hypertension and type 2 diabetes were independently associated with an increased risk of the incidence of stroke and stroke mortality. Blood pressure was associated with the risk of stroke in a similar fashion both in diabetic and nondiabetic subjects. The highest risk of an incident stroke event and, in particular, of stroke death, was found among subjects who had both hypertension and diabetes.
High blood pressure has been found as the most important determinant of stroke risk in all ethnic groups. 2,4 -6 The association between blood pressure and stroke mortality is strong and direct, and the absolute risk of stroke mortality associated with high blood pressure increases with age. 6 However, these studies did not stratify for the diabetes status. We found that this direct association between blood pressure and the stroke risk was consistent among both diabetic and nondiabetic subjects. The analyses from another Finnish study 8 and the UK Prospective Diabetes Study 19 have demonstrated that hypertension or an increase in SBP were independently associated with an increased risk of stroke in the diabetic patients. It is also known that hypertension predicts the development of type 2 diabetes. 24 About half of the cases of type 2 diabetes and most of the people with impaired glucose tolerance are unaware of their condition if they not tested for glucose tolerance. 25 Most of the studies that have investigated the relation between hypertension and stroke have not carried out glucose tolerance testing, and the data on the diabetes status has not always been included in the study. Therefore, it is possible that the increased risk of stroke usually seen in hypertensive subjects may sometimes be related not only to the hypertension itself but also to undiagnosed diabetes or glucose intolerance. Most of the previous studies have focused on ischemic stroke alone, 10 -12,14,16,17 because type 2 diabetes is not a prominent risk factor for hemorrhagic stoke. 18 The recent joint report from the Honolulu Heart Program and the Framingham Stroke Study, however, suggested that type 2 diabetes promoted hemorrhagic stroke. 26 Another study from Lausanne Stroke Registry indicated that diabetic patients had a lower prevalence of intracerebral hemorrhage compared with nondiabetic subjects. 27 In the present study, we found that type 2 diabetes was associated with an increased risk for ischemic stroke, but, overall, the 17% increment of the risk of hemorrhagic stroke in diabetic subjects was not statistically significant. When we stratified the analysis by both the hypertension and diabetes status, the subjects with diabetes only and the subjects with both hypertension II and diabetes showed a significantly increased risk of hemorrhagic stroke compared with those without either hypertension or diabetes. Thus, diabetes seems to be a risk factor for hemorrhagic stroke, too.
Although subjects with hypertension are more likely to develop type 2 diabetes, 24 and hypertension is very common in patients with type 2 diabetes, 1 only 2 studies 12,14 assessed the joint effect of hypertension and type 2 diabetes on the stroke risk in the general population. A Japanese study analyzed the relation between diabetes and the risk of 
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ischemic stroke stratifying for the hypertension status and BMI 12 and found that the excess risk of ischemic stroke associated with diabetes was primarily observed in nonhypertensive subjects or those with high BMI but not in hypertensive subjects or subjects with low BMI. The Greater Cincinnati/Northern Kentucky Stroke Study determined the relative risk of ischemic stroke attributable to diabetes, hypertension, or both. 14 It indicated that the risk of stroke attributable to a history of both diabetes and hypertension was substantially greater than for either condition alone, and diabetes alone had a higher relative risk of stroke than hypertension alone, in keeping with our results. Recently, clinical trials have shown that pharmacological treatments of hypertension are efficient ways to prevent stroke in hypertensive patients. 28 -30 A meta-analysis based on 18 randomized trials found that both ␤-blocker therapy and diuretic-based therapy were effective in preventing stroke. 28 For diabetic patients, blood pressure-lowering therapy seems to offer a greater reduction in the risk of macrovascular disease than do interventions for blood glucose control. 2, 31 This is probably in part because of the fact that currently we have more efficient tools to lower blood pressure than to control hyperglycemia. Several clinical trials have demonstrated that adequate control of hypertension attenuates the risk of stroke in hypertensive diabetic patients. 2,28 -30,32 There are several strengths and limitations in our study. The number of participants was large and from a homogeneous population. The mean follow-up, 19.1 years, was long and resulted in the largest number of stroke events reported in any prospective study thus far. Baseline data also included a large number of variables related to hypertension, type 2 diabetes, and the stroke risk, which were included in the multifactorial analyses in order to overcome bias and confounding effects. A limitation of our study was that we did not carry out a glucose tolerance test at the baseline. Therefore, we have missed cases of asymptomatic diabetes, although the clinical diagnosis of diabetes in the hospital discharge register has included some of the patients not using drugs, thus reducing this potential underdiagnosis. We did not have data on individual drugs used for the treatments of hypertension and diabetes, but with such a long duration of the observational study it, would be almost impossible to reveal effects attributable to specific pharmacological agents, because their use has varied drastically over time in most if not all of the hypertensive and diabetic patients.
In conclusion, our study confirmed that hypertension and type 2 diabetes increased the risk of stroke independently, and, having both together, the risk increased dramatically. Because hypertension and type 2 diabetes often occur concomitantly, it is possible that part of the risk of stroke assumed to be related to high blood pressure may primarily be because of undiagnosed disorders in glucose metabolism. This has to be assessed in studies where data on glucose tolerance have been collected. Although we confirmed that type 2 diabetes is an independent risk factor for ischemic stroke, we revealed evidence that type 2 diabetes is also associated with the risk of hemorrhagic stroke.
